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© Based on extensive in vivo studies in animals, it has now been discovered that KGF stimulates proliferation, 
growth and differentiation in various cells of epithelial tissue, besides keratinocytes. This better understanding of 
the biological effects of KGF in vivo enables the use of this polypeptide as a therapeutic agent, suitably 
formulated in a pharmaceutical composition, for the specific treatment of disease states and medical conditions 
afflicting tissues and organs such as the dermal adnexae, the liver, the lung, and the gastrointestinal tract. 
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The present invention relates to the application of keratinocyte growth factor (KGF) to stimulate the 
proliferation, growth and differentiation of cells other than keratinocytes. and to the use of KGF to 
regenerate damaged or diseased cells and tissues. 

5 BACKGROUND OF THE INVENTION 

In recent years advances in biotechnology have lead to the development and therapeutic use of novel 
recombinant polypeptides, including erythropoietin and granulocyte colony stimulating factor, to the benefit 
of many human patients. Increasing numbers of other polypeptides have since been discovered wh.cn 
io exhibit biological activity in vitro. However, the characterization of target cells of these factors and the 
biological effects of the factors in vivo are essential for the identification of potential therapeutic applications 

h KGFte a known mitogen which has been previously identified as specific for epithelial cells, part^larly 
keratinocytes. Rubin et al.. Proc. Natl. Acad. Sci. USA, e6:802-806 (1989); Finch et al.. Science 245:752- 
, 6 755 (1989); Marchese et al., J. Cell. Phys. 144:326-332 (1990). Expression of messenger RNA for KGF has 
been detected in several stromal fibroblast cell lines derived from epithelial t.ssues of embryon.c, neonate 
and adult human sources, and in RNA extracted from normal adult kidneys and <^f^^^^ 
RNA has not been detected in glial ceils, iung. brain, or in a variety of epithelial eel lines that included 
squamous cell carcinomas, mammary epithelial cells, immortalized bronchial epithelial cells, immortalized 
keratinocytes. and primary keratinocyte cultures. Finch et al.. Science above. However, KGF is 
mitogenically active for the continuous mouse cell line, BALB/MK cells. We.ssman and Aaronson Cell 
32-599 (1983); also, see PNAS and Science, above. This observation supports evidence indicating a 
paracrine action of KGF in the skin, with production of KGF in the dermis (but not in the epidermis) and 

action on keratinocytes. , . . . . 

In addition, using the expression of keratins and filagrin genes it has been demonstrated that KGF 
influences the differentiation and maturation of keratinocytes. See J. Cell Phys.. above. 

Much of the aforementioned work investigating the biological activity of KGF has been carr|ed out with 
recombinant KGF, which has permitted more widespread study of this factor. Published PCT patent 
application WO 90/08771 describes the purification of KGF from the condrtioned medium of a human 
30 embryonic fibroblast cell line, partial amino acid sequencing of the isolated polypeptide cloning of th 
gene, and expression in bacterial cells (£. coli) to achieve recombinant, biologically act.ve KGF. 

While the role of KGF as a stimulatory agent for keratinocytes in vitro has been clearly .dentrfied. much 
remains to be known regarding KGF as a growth factor, including additional types of cells for ^ which . t may 
be targeted, and the effect of KGF on such cell in vivo. This information is vital for an understanding of the 
35 full potential of KGF as a therapeutic agent. 

SUMMARY OF THE INVENTION 

Briefly the present invention concerns discoveries made with regard to the stimulatory effect of KGF on 
40 non-keratinocyte epithelial cells. More specifically, it has now been found that KGF used /n v,vo .nduces 
Proliferation and differentiation in normal adnexal structures such as sebocytes and ha.rfoll.e e cells^ . hyer 
cells such as hepatocytes, and in cells of the respiratory mucosal epithelium such as *pe U 
There is also compelling evidence that KGF stimulates proliferation and growth of cells of the "tesftnal 
mucosa, e.g., mucin-producing goblet cells in the glandular stomach and small intestine, crypt cells in the 
45 colon, and other epithelial cells within the gut. ..... • * ^„ „ f 

These discoveries, which form the basis of this invention, have significant .mpl.cat.ons in terms of 
enabling the application of KGF to tissues specifically characterized by damage to or def .cenc.es ;.n hese 
particular types of cells. The following is a description of diseases and medical cond.t.ons which can be 
treated with KGF in accordance with the invention. t „> v ,^ niands 

50 Stimulation of proliferation and differentiation of adnexal structures such as hair follicles, sweat ^ glands 
and sebaceous glands is of critical importance in regenerating epidermis and dermis in patients > with burns 
and other partial and full thickness injuries. At present, surface defects heal by scar 
keratinocyte resurfacing; full regeneration of skin is not yet possible. Repopulation of hair 
glands, and sebaceous glands does not occur presently in full thickness skin defects, including burns. The 

55 use of KGF can enable such repopulation. roe „itinn in 

Epidermolysis bullosa is a defect in adherence of the epidermis to the underlying dermis, resulting in 
frequent open, painful blisters which can cause severe morbidity. Accelerated r^P"^"™" of these 
lesions such as by treatm nt with KGF. would result in I ss risk of infection, d.m.n.shed pa.n, and less 
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WOU Chemotherapy-induced alopecia results when patients are treated with courses of chemotherapy for 

malignancy. At present no therapeutics are effective at preventing the hair follicle cells from death, which 

cause the transient loss of hair. KGF provides such a means. 
6 Male-pattern baldness is prevalent and essentially untreatable. The progressive loss of hair in men and 

women is a serious cosmetic problem. This condition could be treated using KGF either systemically. or 

topically if the drug could be applied and absorbed through the scalp, or by spray injection into the scalp 

using an air gun or similar technologies. 

Gastric ulcers, although treatable by H2 antagonists, cause significant morbidity and a recurrence rate. 
w and heal by scar formation of the mucosal lining. The ability to regenerate glandular mucosa more rapidly. 

e.g.. by treatment with KGF, would offer a significant therapeutic improvement in the treatment of gastric 

Duodenal ulcers, like gastric ulcers, are treatable, but the development of a therapeutic agent to mor 
fully and more rapidly regenerate the mucosal lining of the duodenum would be an important advance. In 
is addition, a therapeutic agent to regeneratively heal these ulcers and decrease their recurrence would be of 
benefit. KGF offers such potential. — • 

Inflammatory bowel diseases, such as Crohn's disease (affecting primarily the small irto,...*! «w 
ulcerate r 0 litis (affecting primarily the large bowel), are chronic diseases of unknown etiology which result 
in the" destruction of the mucosal surface, inflammation, scar and adhesion formation during repair, and 
20 significant morbidity to the affected individuals. Therapy at present is designed to control the inflammation. 
A therapeutic such as KGF to stimulate resurfacing of the mucosal surface, resulting in faster healing, may 
be of benefit in controlling progression of disease. D(ataiaWMn( 
Gut toxicity is a major limiting factor in radiation and chemotherapy treatment regimes. Pretreatment 
with KGF may have a cytoprotective effect on the small intestinal mucosa, allowing increased dosages of 
25 such therapies while reducing potential fatal side effects of gut toxicity. otrnintactina , trart 

KGF treatment has a striking effect on the production of mucus throughout the gastrointestinal tract. 
This property may be useful in protecting the gut mucosa from injurious substances that are ingested, or in 
limiting the spread of injury in conditions such as inflammatory bowel diseases. 

Hyaline membrane disease of premature infants results in the absence of surfactant production by typ 
so II pneumocytes within the lung, resulting in the collapse of the ^ alveoli. Although ^-co^oids can 
accelerate maturation and secretion in fetuses twenty-eight weeks old and beyond to a tar ge e^nt. there ns 
presently no treatment for younger fetuses, resulting in significant morbidity and mortality in this poputahm. 
A therapeutic agent such as KGF which would induce proliferation and differentiation of type II pneumocytes 
would be of considerable benefit in the treatment of this disease. ,,„•„„ a K„ m ini,.rv 

35 Smoke inhalation is a significant cause of morbidity and mortality in the week following a burr , injury 
due to necrosis of the bronchiolar epithelium and the alveoli. A growth factor such as KGF which cou d 
stimulate proliferation and differentiation of these structures, and induce their repair and regeneration, would 
be of benefit in treating inhalation injuries. 

Emphysema results from the progressive loss of alveoli. A growth factor such as 
AO stimulate regrowth or is cytoprotective for remaining alveoli would be of therapeutic benefit. At present, no 
effective treatment is available. . . ~* 

Hepatic cirrhosis, secondary to viral hepatitis and chronic alcohol ingestion, .s a s.gnrficant cause of 
morbidity and mortality. Cytoprotection, proliferation, and differentiation of hepatocytes such as by KGF to 
increase liver function would be of benefit to slow or prevent the development of crrhosis. 
45 Fulminant liver failure is a life-threatening condition which occurs with endstage cirrhosis. An< agentj such 
as KGF which could induce proliferation of remaining hepatocytes would be of direct benefit to this disease, 
which is presently treatable only with liver transplantation. _ 

Acute viral hepatitis is frequently subclinical and self-limiting. However, in a minority of patients severe 
liver damage can result over several weeks. A cytoprotective agent such as KGF would be of use in 
so preventing hepatocellular degeneration. 

Toxic insults to the liver caused by acetaminophen, halothane, carbon tetrachloride, and other toxins 
could be ameliorated by a growth factor (KGF) which is cytoprotectiv for hepatocytes. 

present invention encompasses the use of KGF therapeutically (or wher appropriate, 
prophylactically) to treat the abov mentioned conditions, as well as pharmaceutical preparations containing 
55 KGF in suitable, therapeutically effective amounts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequence of a synthetic oligonucleotide DNA (SEQ ID NO:6 and SEQ ID 
NOT) which was introduced into the DNA sequence of the KGF gene (SEQ ID NO:5) for the construct.cn of 
5 a recombinant expression system for the KGF employed in the in vivo experiments described herein. 

Figure 2 depicts the rabbit ear partial thickness dermal wound model, as modified to produce a wound 
through the cartilage for better quantitation of new tissue growth. 

Figure 3 depicts the reepithelialization of KGF-treated and control wounds from the modified rabbit ear 
partial thickness dermal wound model. The total area of regenerating epithelium after KGF treatment is 
io shown on the left, and the percentage of reepithelialization of wounds is shown on the right. 

Figure 4 shows the proliferation of basal and suprabasal keratinocytes at wound margins up to five days 
after KGF treatment, using the rabbit wound model. 

Figure 5 depicts a histologic analysis of Bromodeoxyuridine (BrdU)-treated hair follicles from KGF- 
treated and control wounds to show cellular proliferation in the modified rabbit model. 
75 Figure 6 depicts oil red o staining of sebaceous glands from KGF-treated and control wounds of the 

same rabbit model. ^ iU . x . . „ ^, 

Figures 7 and 8 show micropapillary overgrowth of alveolar septal epithelial cells within the .ungs ot 

healthy rats which have been treated intratracheally with KGF. 

Figures 9 and 10 show cuboidal growth of epithelial cells in the alveoli of large segments of the lung 
20 after intratracheal administration of KGF to the same healthy rats. 

Figures 11 and 12 show that the hyperplastic alveolar epithelial cells lining the alveolar septae of such 
treated rats contain lamellar inclusions of varying size and shape. „ . t * u . 

Figure 13A shows hyperplastic effects of KGF treatment in the bronchial epithelium after intratracheal 

administration to healthy rats. ^i*™ 
25 Figure 13B shows the bronchial epithelium from a control (excipient only) group of healthy rats 

corresponding to the test group of Figure 13A. . t . ... ra . 

Figure 14 depicts the results of an RNase protection assay for KGF receptor (KGFR) in the adult rat 

'"^Figure 15 shows the increased weight of the gastrointestinal tract and liver in a dose-dependent fashion 
30 following treatment with KGF for four days. 

Figure 16 shows the increase in protein synthesis by the liver in rats treated with KGF for four days in 

dose-dependent manner. . . 

Figure 17 demonstrates the increased proliferation of hepatocytes within the liver of animals treated for 
one to seven days with KGF, assessed using BrdU labeling (A) or mitotic counts (B). 
35 Figures 18 and 19 depict the recovery in liver mass, following treatment with KGF, of partially 

hepatertomKed^rat^ ^ decrease jn b | 0od serum | eve | S of serum glutamate-oxaloacetate transaminase 

(SGOT) in carbon tetrachloride poisoned rats, following treatment with KGF. 

Figure 21 demonstrates the increased length of gastric glands and amount of mucus formation within 
40 the glandular stomach of rats treated with KGF from one to seven days. intsstine 
Figure 22 shows the increased length of duodenal crypts and mucus production with the small intestine 
of rats treated from one to seven days with KGF. 

Figure 23 shows an increase in hyperplastic crypts in the colon of rats treated from one to seven days 

45 W ' th Figure 24 shows an increase in colonic crypt depth in rats treated from one to seven days with KGF. 
DESCRIPTION OF SPECIFIC EMBODIMENTS 

To identify specific types of epithelial cells in which KGF produces a significant biological effect 
so indicative of potential therapeutic value, an extensive study was undertaken using live animals and KGF 
administration in vivo, with observation and analysis of the results. A recombinant KGF was used in each of 

the following Examples, which was prepared as follows: 

The recombinant KGF gene was isolated from human foreskin fibroblast (AG1523) RNA by PCR and 
the resulting DNA ligated into a pCFM1156 expression vector between the Ndel and BamHI restr .ction sites. 
55 The plasmid pCFM1 156 can be derived from the pCFM836 plasmid described in U.S. Patent No. 4,710^73 
incorporated herein by referenc . by destroying the two endogenous Ndel restriction sites by end Hhng 
with T4 polymerase enzyme, followed by blunt end ligation and substituting the small DNA sequence 
betwe n the uniqu Clal and Kpnl restriction sites with the following oligonucleotide duplex comprised of 
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SEQ. ID NO.: 1 and SEQ. ID NO.: 2: 



Clal KpnI 



10 



16 



20 



CGATTTGATTCTAGAAGGAGGAATAACATATGGTTAACGCGTTGGAATTCGGTAC 3 
3 • TAAACTAAGATCTTCCTCCTTATTGTATACCAATTGCGCAACCTTAAGC 
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The pCFM1 156KGF plasmid was then cloned into FM5 host cells (ATCC #53911) using a standard 
electroporation (BioRad Gene Pulser) transformation procedure. To reduce an observed internal translations 
initiation, the DNA sequence in the KGF gene between Kpnl and EcoRI was replaced with synthetic 
oligonucleotide DNA designed to reduce the use of an internal ribosomal binding site (Fig. 1). Following 
ligation and electroporation into FM5 cells (ATCC #53911). a clone containing pCFM1156KGF-dsd I was 
selected. The DNA encoding the KGF gene was sequence confirmed. The cells were then cultured at 30 »C 
in 10-liter fermentors with a standard fed media that allows the cells to grow at an exponential rate under 
glucose limitation to prevent toxic byproduct accumulation. At mid-exponential cell density, the temperature 
was raised briefly to 42 -C to induce trancription of the KGF gene and then maintained at approximately 
37 -C for the remainder of the KGF induction phase of the fermentation. Cell paste was collected and stored 
frozen The biologically active KGF was purified from mechanically lysed cell paste by standard chromatog- 
raphy procedures that take advantage of the protein's very high isoelectric point (S-Sepharose Fast Flow by 
Pharmacia) and size (Superdex 75 by Pharmacia). The purified recombinant KGF protein was measured for 
endotoxin and biological activity in the mitogenic assay as described by Rubin et al. in PNAS. above. 

25 EXAMPLE 1 

KGF-STIMULATED PROLIFERATION AND DIFFERENTIATION OF ADNEXA L STRUCTURES IN AN IN 
VIVO WOUND HEALING MODEL 

so In this Example, a modified rabbit ear partial thickness dermal wound model was used. The rabbit ar 
dermal ulcer model described by Mustoe et al. in J. Clin. Invest, 87:694-703 (1991) was modified to 
produce a wound through the cartilage, to the dermis on the back side of the ear. using a 6mm trephine. As 
a result, the wound heals by sprouting of epithelial elements beneath the cartilage, and contraction is not a 
variable during healing, permitting accurate quantitation of new tissues (See Fig. 2). Recombinant Kt.p. 

35 prepared as described above, was utilized as the therapeutic wound healing agent. 

Materials and Methods 

KGF or phosphate buffered saline vehicle alone was applied once on the day of surgery and the 
40 wounds (0.25cm*) were covered with Tegaderm occlusive dressing (manufactured by 3M I Company, St 
Paul MN) Prior to sacrifice, each animal received intravenous injections of BrdU (Aldrich Chemical 
Company. Milwaukee, Wl). in an amount of 50 mg per kg of body weight. Administration ol 'BrdU was 
employed to better quantify the degree of basal keratinocyte proliferation and the kinetics of basal cell 
migration toward the stratum spinosum and stratum corneum. After sacrifice each wound was » b'sected 
45 with one section being frozen in an optimum cooling temperature medium (OCT, Miles Inc.. Elkhart, IN), and 
the second section being fixed in Omnifix (Al-Con. Genetics. Inc.. Melville. NY) and proce ssed ^ord. ngto 
routine histological methods. Masson Trichrome, oil red o. and immunohistochemical (IHC) stains were 
performed on 3 urn thick sections for each wound. 

so Measurement of Reepithelialization 

Measurements of the total wound gap and epithelial gap were made for each wound using a calibrated 
stage micromet r. Th percentage of reepithelialization for each wound was calculated by taking the 
difference of the total gap and the epithelial gap and dividing it by the total gap for each wound. Data from 
55 two sections per wound were averaged. Differences in the epithelial gap measurements and the percent of 
r epthelialization were analyzed by a one-tailed, unpaired Student's t-test. 

The area of pithelium produced in treated and untreat d wounds was calculated for each dose group. 
A one-way ANOVA and Dunnett's t-test was run for each dose against th control group. 
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Measurement of Proliferation and Differentiation of Epithelial Cells 

Paraffin-embedd d 3 urn sections of tissue were stained using anti-BrdU (Dako Corp. Carpinteria. CA), 
Avidin-Biotin Complex (Vector Laboratories, Inc., Burlingame, CA), and diaminobenzidine substrate (DAB, 
Sigma Chemical Co., St. Louis, MO). Sections were digested with 0.1% protease solution, followed by 
treatment with 2N HCI. Endogenous peroxidase was quenched by exposure to 3% hydrogen peroxide 
solution Slides were blocked with a 10% solution of normal horse serum in phosphate buffered saline 
(PBS), then incubated with anti-BrdU diluted 1:400 in 1% bovine serum albumin. Following washing, 
sections were incubated for twenty minutes with peroxidase-linked Avidin-Biotin Complex diluted 1:100 in 
1% BSA. Slides were then exposed to DAB substrate (10 mg of DAB, 20 ml of PBS, 20 ul of 30 /o 
hydrogen peroxide) for ten minutes. Sections were counterstained with hematoxylin. 

Histological Analysis of BrdU-treated Hair Follicles 

Following BrdU incorporation and IHC staining, the total number of follicles per wound bed were 
counted and analyzed using the Kruskall-Wallis multiple comparison test. Further analysis included a Chi- 
sauare test on the percentage of wounds having follicles with ten or more proliferating ce,ls in sac, 
treatment group. Additionally, the number of BrdU positive-staining cells was counted in all follicles having 
greater than five proliferating cells. 

Oil Red O Staining of Sebaceous Glands 

Oil red o, a stain specific for neutral lipids, was used for the identification of sebocytes and sebaceous 
alands and was performed on frozen sections using the procedure described by F.L. Carson in Histotech- 
nology. A SeH -Instructional Text; ASCP Press. Chicago (1990). Briefly, 7 urn frozen sections were air 
dried and fixed in zinc-formalin for ten minutes. Slides were immersed on 0.3% w/v oil red o (Sigma 
Chemical Co., St. Louis, MO), then in 60% isopropanol for thirty minutes at room temperature, decolorized 
in 60% isopropanol, and counterstained with Learner's hematoxylin. The size of sebaceous glands and 
number of cells per gland were assessed. 

Results and Discussion 

Accelerated reepithelialization and increased thickness of epithelium was observed for wounds treated 
with 4-40 ug/cm 2 of KGF. Wounds on the fifth day post treatment showed significantly enhanced 
reepithelialization compared with the control (76.7% vs 52.5%. 1 ug of KGF). The thickness of new 
epithelium was increased in a dose-dependent manner by the fifth and seventh days of post treatment to 
nearly twice the area of the control wound epithelium at a dose of 10 ug of KGF per wound Fig. 3). 
Histologic analysis suggested epithelial regeneration occurred largely by sprouting from adnexal elements 
within the dermis, i.e.. sebaceous glands, sweat glands and hair follicles. 

Analysis of basal keratinocyte proliferation and basal cell migration revealed increased numbers of 
proliferating basal keratinocytes at the wound margins after the first day of KGF treatment (Fig. 4) By th 
second day of KGF treatment, increased numbers of proliferating keratinocytes in the suprabasal «av er °* 
the epidermis suggested accelerated transit time of proliferating cells toward the stratum spinosum. By the 
fifth day of treatment, wounds showed less proliferation within the basal layer, indicating self-limited 
acceleration of epithelial repair and differentiation (Fig. 4). Keratinocytes appeared to undergo normal 
maturation as they migrated upward to form the stratum corneum. 

Unexpectedly, increased sebocyte proliferation and differentiation as well as increased hair follicl 
proliferation were also observed. Both hair follicles and sebaceous glands appeared larger and more 
numerous in KGF-treated wounds compared with control wounds (Figs. 5 and 6, respectively). Histolog c 
sections which had been stained with oil red o to selectively identify sebaceous glands showed significantly 
increased numbers of such glands which were also markedly enlarged, indicating increased proliferation 
and differentiation of sebocytes into sebum-producing cells. Also, a dose dependent increase in the number 
of proliferating cells per hair follicle was observed in KGF-treated wounds. 

Previously, epidermal growth factor (EGF) and basic fibroblast growth factor (FGF) have been J* a ™™° 
in the rabbit ear model. J. Clin. Invest, above, and Pierc et al., Amer. J. Pathol. 740:1375-1 388 <199Z)_ 
Although both of thes growth factors are known to stimulat reepithelialization. neither EGF nor basic i war 
influence proliferation or differentiation of adnexal structures such as sebaceous glands and hair follicles. 
The ability of KGF to stimulat proliferation and subsequent differentiation of multiple epithelial cell types 
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within the skin, togeth r with its original isolation from fibroblasts, suggests that KGF is a potent paracrine 
stimulator of the skin regenerative process. 

EXAMPLE 2 

KGF-STIMULATED PROLIFERATION AND DIFFERENTIATION OF IN VIVO TYPE II PNEUMOCYTE S 

This example was carried out to evaluate the effect of KGF administration on epithelial cells of the 
respiratory tract of healthy rats. 

Materials and Methods 

Male Lewis rats, weighing 200-250 grams each, received a single intratracheal injection of varying 
doses of KGF diluted in saline or phosphate buffered saline, using the protocol described by Ulich et al in 
Amer J Pathol /381 485-1496 (1991). KGF was injected at doses of 0.1. 1.0. 5.0 and 10.0 mg/kg. Control 
rats received an intratracheal injection of excipient. At time points of six hours and one. two, three, four, five 
and six days after KGF injection the rats were sacrificed, the lungs were inflated with tsouin s fixative via an 
intratracheal catheter, saggital sections of the lung were paraffin-embedded, and histologic sections wer 
stained with hematoxylin and eoxin. 

Results and Discussion 

KGF at 0.1 mg/kg did not cause histologically discernible alveolar epithelial cell hyperplasia. KGF at 1.0 
mg/kg caused a mild but definite increase in alveolar epithelial cells. Increasing alveolar epithelial oeH 
hyperplasia was noted at 5.0 and 10.0 mg/kg, respectively. KGF did not cause a histolog.cally discernible 
increase in alveolar epithelial cells at six hours or one day after intratracheal inject.on. At two days, a 
knobby micropapillary overgrowth of alveolar septal epithelial cells was noted w. h.n the lungs ; o f KGF- 
treated rats (Figs 7. 8). At three days, a diffuse low-cuboidal to cuboidal growth of alveolar epithelial cells is 
noted lining entire alveoli in large segments of the lung (Figs. 9. 10). Some areas of the lung, however, 
retained a normal histology. The histologic appearance of the hyperplastic alveolar eprthel.um in the at on 
day three was essentially the same as the appearance of reactive type II pneumocyte hyperplasia m human 
lungs Hyperplastic alveolar epithelium was recognizable in decreasing amount in the lungs of KGF-treatea 
Son days four and five after intratracheal injection. On day six. the lungs of KGF-treated and control rats 

35 The lung 9 of S a a KGF-treated rat was ultrastructurally examined three days after intratracheal injection. Th 
hyperplastic alveolar epithelial cells lining the alveolar septae almost invariably contained one or more 
Srtclusions of varying size and shape (Figs. 11. 12). The bronchia, epithelium of KGF-treated rat 
was hyperplastic on day three, but the hyperplasia was not as immediately striking as the alveola _cel 
hyperplasia Hyperplasia was appreciated as pseudostratification of the epithelial lining of smaller d^ta 

«, bronchi that are normally lined by a single layer of epithelium, by tufting or m^ropapHlar y «* 
bronchial epithelium, and by an increase in mitotic figures within the bronchial epithe hum (Figs _13A ,136^ 

KGF administered intratracheal^ causes a striking hyperplasia of alveolar epithelial cells. The presence 
of lamellar cytoplasmic inclusions within the cells at the ultrastructural level is consistent with the proposa 
that the hyperplastic cells are type II pneumocytes. The lamellar inclusions did not appear as numerous or 

45 as osmiphiMc as those illustrated in some cases of experimental type II pneumocyte hyperplasia m the rat. 
but are ve^r simiiar to the lamellar inclusions illustrated in norma, rat lung, .n addition to causing a veolar 
cell hyperplasia. KGF causes bronchial epithelial cel. hyperplasia. It is possible that the hyperplastic a veo a 
epithelium represents a downgrowth of bronchial epithelium from terminal bronchioles into the alveolar 
Z enchyma However, it appears more likely that KGF acts directly on type II pneumocytes because of the 

5 o multifocal micropapillary budding growth pattern of pneumocytes on alveolar <^""*y. « 

of KGF, a growth pattern that precedes the confluent lining of the alveoli by cuboidal cells on the th d day 
°n addition type II pneumocytes are thought to be the mitotically responsiv alveolar epithelial ceH 
P^ptlatton and would be expected to be the a.veo.ar cell type to respond to a potential endogenous 
mediator of a.veolar cel. growth such as KGF. Final.y, the identification of lamellar -^^J^ 

55 hyperplastic cells suggests not only their differentiation into type II pneumocytes but also the.r origin from 

^^LTm^SCeffect of KGF on type I. pneumocytes is consistent with the observatior '*at the amount 
of KGF receptor messenger RNA in the lungs per equivalent sample of total RNA .s two to three times the 
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level found for various other organs from young adult rats. In this ^'^L^J^. J*" ™ ssen 9 er 
RNA levels were detected using a modified Ambion RNAse Protection Assay (RPA M, No 410) 
The "antisense" RNA probe used in this assay had the following sequence (SEQ. ID NO.: 3): 



5 • GAAUACGAAUUCCUUGCUGUUUGGGCAGGACAGUGA- 
GCCAGGCAGACUGGUUGGCCUGCCCUAUAUAAUUGG- 
AGACCUUACAUAUAUAUUCCCCAGCAUCCAUCUCCG- 
rjCACAUUGAACAGAGCCAGCACUUCUGCAUUGGAGC- 

UAUUUAUCCCCGAGUGGAUC 3' 

The antisense probe was prepared using a Promega Riboprobe Gemini II kit (#P2020) from a linearized 
template DNA encoding the corresponding DNA sequence described above. The RNA pr obe i was punted 
from a urea-polyacrylamide gel by cutting out the correct size band and eluting the RNA probe in Amb.on 

The "sense" RNA standard coding for the complement RNA sequence to the "antisense" probe is as 
follows (SEQ. ID NO.: 4): 

5 • GGGAGACAAGCUUGCAUGCCUGCAGGUCGACUCUAG- 
AGGAUCCACUCGGGGAUAAAUAGCUCCAAUGCAGAA- 
GUGCUGGCUCUGUUCAAUGUGACGGAGAUGGAUGCU- 
GGGGAAUAUAUAUGUAAGGUCUCCAAUUAUAUAGGG- 
CAGGCCAACCAGUCUGCCUGGCUCACUGUCCUGCCCA- 

AACAGCAAGG 3' 

The sense standard was prepared cold (without radioactive label) using the Promega Riboprobe Gemini 
II kit (#P2020) and purified over a G50 Sephadex Quick spin column. 

Following the standard Ambion (RPA II #1410) protocol, 50 ng of total RNA « e L e «" cu ^ d w '* 1 <f 
cpm of probe, first at 95 -C for four minutes, then twelve to eighteen hours at 45 -C RNAse ^ :50 °^ 10 " 
Solution R) was incubated with the hybridization solution at 37 «C for forty minutes, followed by addition of 
the inactivating/precipitation reagent (Solution Dx). 

The RNAse protected fragments were then separated by size using urea-polyacrylam.de gel elec 
trophoresis and the whole gel was. exposed to a phosphorimager screen. The bands were then quantified on 
a Molecular Dynamics Phosphorimager. The results are shown in Fig. 14. 

The identification of KGF as a growth factor for type II pneumocytes raises the possibility that KGF w.H 
show therapeutic potential similar to glucocorticoids as a stimulant of fetal lung maturation. KGF might also 
be clinically useful in stimulating bronchoalveolar repair after lung injury in the adult. The prohferat, ve effect 
of KGF on type II pneumocytes suggests that KGF may play an important role m regulating the synthesis 
and secretion of surfactant. 

EXAMPLE 3 

KGF-STIMULATED PROLIFERATION AND DIFFERENTIAT ION OF HEPATOCYTES 

Th effects of systemically administered KGF on the epithelial tissues of the liver in adult rats wer 
evaluated. 

Materials and Methods 

Male rats received water and food ad libitum. All animals received eith r KGF or PBS by intrap ritoneal 
injection daily, for one, four, or s ven days. In all experiments, at least five animals were analyzed per 
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AH rats were euthanized by CO z asphyxiation and blood was obtained for serum chemistry by cardiac 
puncture immediately postmortem and stored frozen until assayed. Serum was analyzed for standard serum 
chemistries and electrolytes. Th liver was weighed in a blinded fashion and weights wer expr ssed as 
5 grams per 100 grams body weight (percent body weight). Tissue samples were placed in 10 ^ buffered 
formalin for routine histological processing. . 

Sections from the liver were stained with hematoxylin and eosin (H and E). One hour prior to sacrifice, 
rats received 50 mg/kg of BrdU via intraperitioneal infection. Anti-BrdU immunohistochemistry was per- 
formed to visualize BrdU incorporation into DNA of replicating cells. 
io The labeling index (LI) of the liver was determined using a calibrated eye objective grid. Ten fields per 
animal were counted and averaged. Total nuclei and labeled nuclei per unit area were counted. To 
standardize the fields counted as representing similar areas of hepatic parenchyma, all fields counted were 
adjacent to a portal triad. , . 

All data was analyzed using an unpaired two-tailed Student's t-test or one-way ANOVA for multiple 

75 group comparison. 
Results and Discussion 

A dose response study was performed to identify an effective dose of KGF. KGF was injected daily for 
four days, and organs were harvested. Liver, expressed as percent body weight, was significantly different 
from controls only at the highest dose of 5 mg/kg per day when compared by ANOVA (Fig 15) Of note, 
serum proteins, cholesterol and triglycerides, compounds synthesized by the liver were significantly h.gher 
compared with controls at both 1 and 5 mg/kg of KGF (Fig. 16). 

Animals were analyzed after one, four, or seven days daily treatment with KGF at 5 mg/kg. Upon gross 
necropsy exam, the liver was notably enlarged at the seven-day time point. Liver weight was significantly 
increased at all study time points in KGF-treated rats (day seven, KGF 4.08 t 0.08% vs. control 3.49 ± 

0 ' 06 Quantitatton 03 if BrdU-positive nuclei demonstrated three- to four-fold increases in KGF-treated rats 
compared With controls at one day (Fig. 17). Mitotic Index expressed as mitotic figures per high powered 
field was significantly elevated over controls at one-day treatment, consistent with the BrdU counts^ 

These results demonstrate potent mitogenic and differentiation effects of KGF on the liver. The rapid 
increase in liver weight after one day of KGF treatment coupled with an elevated mitotic index and BrdU- 
positive fraction demonstrates the rapid and potent effects of KGF on this predominantly epithehal tissue 
Though the mitotic effects of KGF drop off rapidly, the liver weight expressed as percent body weight 
continued to increase throughout the studies. The increased weight was primarily due to an increase in cells 
that was histologically observable as early as one day and persisted through four and seven days of 
treatment. Since liver mass can increase by greater than two-fold in less than two weeks during liver 
regeneration, it was not surprising to find marked differences beginning after one day KeaxmenX. 

Elevated levels of albumin are not associated with any known disease state other than dehydration. 
KGF was likely inducing greater serum levels of albumin (and other proteins) due to the increased number 
of hepatocytes which were present. Increased protein synthesis induced by KGF would be of tremendous 
lifesaving benefit to individuals with end stage liver disease or cirrhosis. 



45 



EXAMPLE 4 

KGF-STIMULATED PROLIFERATION AND RECOVERY OF LIVER C ELLS IN VIVO FOLLOWING PARTIAL 
HEPATECTOMY 

In this experiment, male Sprague-Dawley rats, each weighing from 300 to 340 grams, were used as the 
so test subjects. 

Materials and Methods 

Each of th rats was subjected to two-thirds partial hepatectomy using the procedure of Higgins and 
65 Anderson, Archives of Pathology, Volum 12, pag 186 (1931). Commencing eight hours bl owing 
surgery, and continuing once a day thereafter, the rats wer injected subcutaneously with either PBS 
(control group) or KGF at a dos of 1 mg/kg. The control and KGF-treated rats were weighed and sacrificed 
four seven, ten. or fourteen days after surgery. Liver remnants were then r moved and weighed. 
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Results and Discussion 



It was found that treatment of partially hepatectomized rats with KGF resulted in significant acceleration 
in the recovery of liver mass, both on an absolute and r lative basis, as shown in Figs. 18 and 19, 
respectively. In the KGF-treated group liver mass returned to pre-surgical values within seven days- By 
contrast, for the control (non-KGF treated) group neither absolute nor relative liver mass was completely 
restored even after fourteen days. 
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EXAMPLE 5 



AMELIORATIVE EFFECT OF KGF ON CHEMICAL IND UCED LIVER TOXICITY 

Male Sprague-Dawley rats, weighing 300 to 340 grams each, were tested to evaluate the therapeutic 
effect of KGF on the liver after introduction of a chemical toxin. 

75 

A dministration 

Groups of twelve male Sprague-Dawley rats were given either 1 ml/kg or 2 ml/kg of carbon tetrachloride 
(CCU) in a corn oil vehicle on day zero. Each dosage group was subdivided into two subgroups of six rats 
20 each. Beginning at three hours after CCU administration, and continuing daily thereafter, each subgroup was 
injected subcuianeously with either PBS or 1 mg/kg/day of KGF. At twentymo seventy-^o and on 
hundred and forty-four hours after CCU administration, a blood sample was taken from each rat and th 
serum glutamate-oxaloacetate transaminase (SGOT) level was determined. 

25 Results and Discussion 

As shown in Fig. 20, subcutaneous injection of KGF after oral administration of CCU significantly 
decreased blood serum levels of an enzyme (SGOT) which is a known indicator of liver damage. The effect 
is especially pronounced at 2 ml/kg, on the first day after administration. 
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KGF-STIMULATED PROLIFERATION AND DIFFERENTIATION O F EPITHERIAL CELLS OF THE INTES- 
TINAL MUCOSA 

This Example evaluates the biological effects of KGF on epithelial cells of the intestinal mucosa of 
healthy rats. 

Materials and Methods 

Male rats received water and food ad libitum. All animals received either KGF or PBS by i^aperitoneal 
injection daily for one, four or seven days. In all experiments, at least five animals were «^J£ ro £ 

All rats were euthanized by C0 2 asphyxiation. Major organs were weighed in a JJnded fash ion and 
weigh s were expressed as grams per 100 grams body weight (percent body we ght). The ButwMdnnM 
into the non-glandular foregut, glandular stomach, small intestine, and large intestme. Tissue samples were 
placed in 10% buffered formalin for routine histological processing. 

Sections from all organs harvested were stained with hematoxylin and eosin (H ^^J^™*™ 
to sacrifice, rats received 50 mg/kg BrdU via intraperitoneal injection. Anti-BrdU ,mmunoh. S tochem.stry was 
performed using standard methods to visualize BrdU incorporation into DNA of repeating cells. Selected 
tissues were stained with periodic-acid-schiff (PAS), Alcian blue at pH 2.5, and Masson-Tnch rome 

A calibrated ocular was used to measure the heights of the gastric mucosa and the depth of PAS 
staining with the gastric mucosa. Similarly, the length of villi and depth of intestinal crypts in the duodenum 
and depth of the colonic crypts in the colon were measured. To quantify the changes m goblet ceU 
production, the number of PAS positive goblet cells was counted along 100 urn lengths beg.nning , at the 
base of the duodenal villi. In all areas of the gut. measur ments were made only on glands or vlh that were 
perpendicular to the underlying muscularis. Results are recorded in m.crons or m the case , of smaM 
intestinal goblet cells average number per unit area. In addition, the number of colonic y^oTwSJ 
number of hyperplastic (bifurcated or trifurcated) crypts occupying a defined I ngth of colon were 
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determined Five to ten replicate m asurements were made per animal and averaged. All data was analyzed 
using an unpaired two-tailed Student's t-t st or one-way ANOVA for multipl group comparisons (Statview II, 
Abacus Concepts, Berkeley, CA). 

s Results and Discussion 

A dose response study was performed initially to identify an effective dose of KGF. KGF was injected 
daily for four days, and organs were harvested. A pronounced dose response was observed in the glandular 
stomach, small intestine, and colon (Fig. 15). ... 

Animals were analyzed after one, four and seven days daily treatment with KGF at 5 mg/kg. Upon gross 
necropsy exam, the foregut was grossly thickened with folding of the mucosa at four- and seven-day 
treatment The foregut, glandular stomach, duodenum and colon showed significant weight increases at four 
and seven days, but not at one-day treatment. At seven days, the glandular stomach was 0.65 ± 0.01 g in 
KGF-treated animals, and 0.48 ± 0.02g in controls (p = 0.0001). 

The non-glandular foregut was significantly increased in weight at four and seven days of treatment. 
Histologically, the squamous epithelium of the non-glandular foregut was mildly (day four) to markedly (day 
seven) hyperplastic in KGF-treated animais. The proliferative epithelium changed abruptly at the carca rrom 
the normal squamous epithelium of the esophagus to the proliferative epithelium of the treated foregut. The 
glandular gastric mucosa appeared normal histologically after one-day treatment. At four and seven days, 
an increased number of goblet cells was apparent histologically as cells with clear open cytoplasm. The 
animals treated with KGF for four and seven days showed a mild increase in the thickness of the mucosa 
(Fig 21). At seven days, the mucus neck cell layer was widened and displaced toward the serosal surface. 
PAS staining at four and seven days demonstrated striking increases in the number and size of PAS 
positive (mucin producing) goblet cells. BrdUstained sections further identified this layer as the dividing cell 
layer in the glandular stomach and showed an increase in proliferating cells with treatment. The thickness of 
the PAS positive layer of the luminal surface of the gastric mucosa was also markedly increased at four and 
seven days KGF treatment (Fig. 21). 

The small intestine was grossly normal at all study points. PAS staining demonstrated an increased 
number of mucus producing goblet cells. This difference was significant at four and seven days (Fig. 22)^ 
The villus height was not different at any time point but the crypt depth was significantly greater at one and 
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In seven-day treatment groups the colonic mucosa was thrown into rugal-like folds that greatly 
increased the overall surface area. Indicators of hyperplasia, bifurcated and trifurcated colonic crypts, were 
observed in all groups, including controls, but were most numerous and prominent in the short term 
treatment groups, e.g., days one and four, with the number of hyperplastic crypts decreasing with length of 
treatment (Fig. 23). Correspondingly, the depth of colonic crypts increased with treatment (Fig. 24). 

PAS and Alcian blue staining indicted an increase in mucus producing goblet cells throughout the colon 
following KGF treatment. Additionally, the number of Alcian blue positive goblet cells at the luminal surface 
was increased at seven days in all treatment animals. Treatment animals as early as four days showed 
marked increases in PAS positive cells in the upper one-half and one-third of the colonic crypts. 

These results demonstrate potent mitogenic and differentiation effects of KGF on epithelial tissues 
within the Gl tract. It is apparent from BrdU labeling that KGF initiates proliferation of cells in the mucus 
neck layer of the gastric mucosa. These cells constitute the progenitor cells of the glandular stomach. 
Following division, cells from this layer migrate upwards, towards the gut lumen to form surface ee ls or 
downward, towards the serosal surface, to become cells that occupy the gastric glands. (Toner et «-. 18BB. 
in Gastrointestinal and Esophageal Pathology, Churchill Livingstone. New York, NY. at pages 13-28) 
Additionally KGF promotes selective differentiation of mucus neck cells to cells that move upward and mat 
become goblet cells. The overall thickness of the gastric mucosa was increased at four and seven days of 
treatment. Similar effects were seen in the small and large intestines. KGF promoted increased eel division, 
resulting in elongated crypts, via stimulation of progenitor cells. KGF also induced differentiation o f dividing 
crypt cells, as evidenced by increased mucus production and increased number of goblet cells in the villi or 

CryP While this invention has been described in relation to specific embodiments and examples, it should be 
understood that there is no intention for this description to be limiting. Thus, for instance, any form of Kfcir- 
which substantially duplicates the biological properties of naturally occurring KGF can be employ d to carry 
out the described uses. Such forms include purified naturally occurring KGF itself. KGF synthesized oy 
chemical procedures, and KGF deriv d recombinantly using other expression systems besides th one 
illustrated above, as well as analogs, variants, chimeras, to., based on the naturally occurring ammo acid 
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sequence. All such forms are intended for use in the practice of the present invention. 

As those skilled in the art will also appreciate, a variety of host-vector systems may be utilized to 
express the KGF protein-coding sequence. These include but are not limited to mammalian cell systems 
infected with virus ( .g., vaccinia virus, adenovirus, etc.); insect cell systems infected with virus (e.g., 

5 baculovirus); microorganisms such as yeast containing yeast vectors, or other bacteria besides E.coli 
transformed with bacteriophage DNA, plasmid DNA, or cosmid DNA. The expression elements of these 
vectors vary in their strengths and specificities. Depending on the host-vector system utilized, any one of a 
number of suitable transcription and translation elements may be used. 

Once the protein product of KGF cDNA expression has been isolated, purified and assayed for KGF 

10 activity, using methods such as described in this text or other procedures known to those skilled in the art, 
it may be formulated in a variety of pharmaceutical compositions. Typically, such compositions include a 
suitable, usually chemically defined, carrier or excipient for the therapeutic agent (KGF), and, depending on 
the intended form of administration, other ingredients as well. The composition can include aqueous carriers 
or consist of solid phase formulations in which KGF is incorporated into non-aqueous carriers such as 

75 collagens, hyaluronic acid, and various polymers. The composition can be suitably formulated to be 
administered in a variety of ways, including by injection, orally, topically, intranasally, and by pulmonary 
delivery. 

As the skilled practitioner will understand, the amount of KGF to be dosed will vary depending on the 
disease being treated and the route of administration, but may be effective in the range, for example, from 
20 0.01 mg per kg of body weight to 500 mg per kg of body weight. It may be used once or administered 
repeatedly, depending on the disease and condition of the patient. It may be used in conjunction with other 
treatments, including, but not limited to, other cytokines and growth factors and other pharmaceutical 
preparations used to treat diseases of the skin, lungs, liver and gastrointestinal tract. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT :.' Amgen Inc. 

TITLE OF INVENTION : Ker.tinocyt:. Growth jjoto^ « J or 

treatment for the human or animal body 

(iii) NUMBER OF SEQUENCES: 7 

(iv) CORRESPONDENCE ADDRESS: 

$ SZETiJFSJSZ; XS40 Dehavilland Drive 

(C) CITY: Thousand Oaks 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 91320-1789 



(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.5 in., DS, 720 KB 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
CGATTTGATT CTAGAAGGAG GAATAACATA TGGTTAACGC GTTGGAATTC 

GGTAC 



(3) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CGAATTCCAA CGCGTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT 
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(4) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: ,164 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GAAUACGAAU UCCUUGCUGU UUGGGCAGGA CAGUGAGCCA GGCAGACUGG 
UUGGCCUGCC CUAUAUAAUU GGAGACCUUA CAUAUAUAUU CCCCAGCAUC 
CAUCUCCGUC ACAUUGAACA GAGCCAGCAC UUCUGCAUUG GAGCUAUUUA 
UCCCCGAGUG GAUC 

(5) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 191 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

( D ) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GGGAGACAAG CUUGCAUGCC UGCAGGUCGA CUCUAGAGGA UCCACUCGGG 
GAUAAAUAGC UCCAAUGCAG AAGUGCUGGC UCUGUUCAAU GUGACGGAGA 
UGGAUGCUGG GGAAUAUAUA UGUAAGGUCU CCAAUUAUAU AGGGCAGGCC 
AACCAGUCUG CCUGGCUCAC UGUCCUGCCC AAACAGCAAG G 



(6) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 503 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
TATGTGCAAT GACATGACTC CAGAGCAAAT GGCTACAAAT GTGAACTGTT 
CCAGCCCTGA GCGACACACA AGAAGTTATG ATTACATGGA AGGAGGGGAT 
ATAAGAGTGA GAAGACTCTT CTGTCGAACA CAGTGGTACC TGCGTATCGA 
CAAACGCGGC AAAGTCAAGG GCACCCAAGA GATGAAAAAC AACTACAATA 
TTATGGAAAT CCGTACTGTT GCTGTTGGTA TCGTTGCAAT CAAAGGTGTT 
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(8) INFORMATION FOR SEQ ID NO: 7: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 126 nucleotides 

(B) TYPE: nucleic acid 

30 <c) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

AATTCAGATT CAACACCTTT GATTGCAACG ATACCAACAG CAACAGTACG 
GATTTCCATA ATATTGTAGT TGTTTTTCAT CTCTTGGGTG CCCTTGACTT 

35 

TGCCGCGTTT GTCGATACGC AGGTAC 



300 
350 
400 
450 
500 
503 



GAATCTGAAT TCTATCTTGC AATGAACAAG GAAGGAAAAC TCTATGCAAA 
GAAAGAATGC AATGAAGATT GTAACTTCAA AGAACTAATT CTGGAAAACC 

5 ATTACAACAC ATATGCAT£A GCTAAATGGA CACACAACGG AGGGGAAATG 
TTTGTTGCCT TAAATCAAAA GGGGATTCCT GTAAGAGGAA AAAAAACGAA 
GAAAGAACAA AAAACAGCCC ACTTTCTTCC TATGGCAATA ACTTAATAGG 

10 ATC 

(7) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 
75 (a) LENGTH: 118 nucleotides 

(B) t'VP.Et nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
20 CTGCGTATCG ACAAACGCGG CAAAGTCAAG GGCACCCAAG AGATGAAAAA 50 
CAACTACAAT ATTATGGAAA TCCGTACTGT TGCTGTTGGT ATCGTTGCAA 
TCAAAGGTGT TGAATCTG 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Amgen Inc. 

(ii) TITLE OF INVENTION: Keratinocyte Growth Factor (KGF) for 

its use in a method of therapeutic 
treatment for the human or animal body 



(iii) NUMBER OF SEQUENCES: 7 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: Amgen Inc. 

(B) STREET: Amgen Center, 1840 Dehavilland Drive 

(C) CITY: Thousand Oaks 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 91320-1789 



(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.5 in., DS , 720 KB 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS -DOS 

(D) SOFTWARE: WordPerfect 5.1 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 55 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
CGATTTGATT CTAGAAGGAG GAATAACATA TGGTTAACGC GTTGGAATTC 
GGTAC 



(3) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 nucleotides 

(B) ' TYPE: nucleic acid 

(C) STRANDEDNESS: single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
CGAATTCCAA CG CGTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT 
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(4) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 164 nucleotides 

(B) TYPE: nucleic acii 

(C) STRAND EDNESS : single stranded 

(D) TOPOLOGY: linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
GAAUACGAAU UCCUUGCUGU UUGGGCAGGA CAGUGAGCCA GGCAGACUGG 
UUGGCCUGCC CUAUAUAAUU GGAGACCUUA CAUAUAUAUU CCCCAGCAUC 
CAUCUCCGUC ACAUUGAACA GAGCCAGCAC UUCUGCAUUG GAGCUAUUUA 
UCCCCGAGUG GAUC 



(5) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 191 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
GGGAGACAAG CUUGCAUGCC UGCAGGUCGA CUCUAGAGGA UCCACUCGGG 
GAUAAAUAGC UCCAAUGCAG AAGUGCUGGC UCUGUUCAAU GUGACGGAGA 
UGGAUGCUGG GGAAUAUAUA UGUAAGGUCU CCAAUUAUAU AGGGCAGGCC 
AACCAGUCUG CCUGGCUCAC UGUCCUGCCC AAACAGCAAG G 



(6) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 03 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
TATGTGCAAT GACATGACTC CAGAGCAAAT GGCTACAAAT GTGAACTGTT 
CCAGCCCTGA GCGACACACA AGAAGTTATG ATTACATGGA AGGAGGGGAT 
ATAAGAGTGA GAAGACTCTT CTGTCGAACA C AGTGGT AC C TGCGTATCGA 
CAAACGCGGC AAAGTCAAGG GCACCCAAGA GATGAAAAAC AACTACAATA 
TTATGGAAAT CCGTACTGTT GCTGTTGGTA TCGTTGCAAT CAAAGGTGTT 
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400 
450 
500 
503 



GAATCTGAAT TCTATCTTGC AATGAACAAG GAAGGAAAAC TCTATGCAAA 300 
GAAAGAATGC AATGAAGATT GTAACTTCAA AGAACTAATT CTGGAAAACC 35 0 

ATTACAACAC ATATGCAT C A GC TAAATGG A CACACAACGG AGGGGAAATG 
TTTGTTGCCT TAAATCAAAA GGGGATTCCT GTAAGAGGAA AAAAAACGAA 
GAAAGAACAA AAAACAGCCC ACTTTCTTCC TATGGCAATA ACTTAATAGG 
ATC 

(7) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 118 nucleotides 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single stran^e^ 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
CTGCGTATCG ACAAACGCGG CAAAGTCAAG GGCACCCAAG AGATGAAAAA 
CAACTACAAT ATTATGGAAA TCCGTACTGT TGCTGTTGGT ATCGTTGCAA 
TCAAAGGTGT TGAATCTG 

(8) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 126 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single stranded 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
AATTCAGATT CAACACCTTT GATTGCAACG ATACCAACAG CAACAGTACG 
GATTTCCATA ATATTGTAGT TGTTTTTCAT CTCTTGGGTG CCCTTGACTT 
TGCCGCGTTT GTCGATACGC AGGTAC 
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Claims 



1. Chemical compound composed of keratinocyte growth factor (KGF) for its use in a method of 
therapeutic treatment for the human or animal body. 

2. Chemical compound according to claim 1 for stimulating the production of non-keratinocyte epithelial 
cells. 

3. Chemical compound according to claim 1 or 2 for stimulating sebocytes, hair follicle cells, hepatoses, 
type II pneumocytes. mucin-producing goblet cells, and other epithelial cells and the.r progenitors 
contained within the skin, lung, liver and gastrointestinal tract. 

4. Chemical compound according to claim 1 or 2 for the treatment of dermal wounds to stimulate the 
production of cells of the sebaceous glands and hair follicl s. 

5. Chemical compound according to claim 4, in which the dermal wound is a burn wound. 
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6. Chemical compound according to claim 1 for the treatment of epidermolys.s bullosa, for the treatmen 
of chemotherapy-induced alopecia, for th treatment of malepattern baldness, for the treatment of 
qastric ulcers, for the treatment of duodenal ulcer, for the treatment of erosions of the stomach and 
esophagus, erosive gastritis, esophagitis, or esophageal reflux, for th treatment of inflammatory bowel 
diseases, for the treatment or prevention of radiation or chemotherapy-induced gut toxicity, for the 
treatment of hyaline membrane disease, for the treatment of necrosis of the respiratory epithelium 
caused by smoke inhalation, for the treatment of emphysema, for the treatment of pulmonary 
inflammation and fibrosis, for the treatment of hepatic cirrhosis, for the treatment of fulminant liver 
failure, for the treatment of acute viral hepatitis and for the treatment of toxic insult to the liver. 

7. Chemical compound according to anyone of claims 1 to 6. in which the KGF is a recombinant KGF. 

a Chemical compound according to claim 7. in which the recombinant KGF is produced in bacterial cells. 
75 9. Chemical compound according to claim 8, in which the bacterial cells are E.coli. 

10. A pharmaceutical composition comprising a therapeutically effective amount of KGF and a pharmaceu- 
tically acceptable carrier. 

20 11. The composition of claim 10 in which the KGF is a recombinant KGF. 

12. The composition of claim 11 in which the recombinant KGF is produced in bacterial cells. 

13. The composition of claim 12 in which the bacterial cells are E.coli. 
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